Searching PAJ 



1/1 ^-i; 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 09-1 29932 

(43)Date of publication of application : 16.05.1997 



(SDIntCI. 




H01L 33/00 


1 


(21)Application number 


07-281170 


(71)Applicant : 


NICHIA CHEM IND LTD 


(22)Date of filing: 


30.10.1995 


(72)Inventor : 


SANO MASAHIKO 








SENOO MASAYUKI 








NAKAMURA SHUJI 



(54) NITRIDE SEMICONDUCTOR UGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the light transmissivity of a nitride 
semiconductor light emitting element by forming a translucent electrode 
containing at least vanadium on ajmost the entire surface of the p-type 
layer of the light emitting element on which the p-type layer is formed as 
the outermost layer. 

SOLUTION: After a buffer layer 2, an n-type contact layer 3, an active layer 
4. a p-type clad layer 5, and a p-type contact layer 6 are successively 
grown on a sapphire substrate 1, a mask is formed in a prescribed shape on 
the surface of the topmost p-type GaN contact layer 6 and part of the 
contact layer 3 is exposed by etching the layers 4, 5, and 6. Then the mask 
is removed from the surface of the contact layer 6 and Pd is vapor- 
deposited to a film thickness of 30&angst; on almost the entire surface of 
the topmost GaN layer 6 as a p-electrode 10. The translucent electrode 10 
containing Pd transmits visible light, especially, visible light of purple to 
green color more than the conventional translucent electrode does. 
Therefore, when the electrode 10 is formed on the surface of the p-type 
layer 6, the light transmissivity of a nitride semiconductor light emitting 
element can be improved; 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computerSo the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The nitride semiconductor light emitting device characterized by forming the electrode of the translucency which 
contains palladium (Pd) at least mostly on the whole surface of the front face of the aforementioned p type nitride 
semiconductor layer in the nitride semiconductor light emitting device which comes to form p type nitride semiconductor 
layer in the maximum front face. 

[Claim 2] The aforementioned electrode is a nitride semiconductor light emitting device according to claim 1 characterized 
by including at least a kind of metal chosen from the group which consists of the platinum (R), the rhodium (Rh), the 
ruthenium (Ru), the osmium (Os), the iridium (Ir), nickel (nickel), and gold (Au) other than Pd at least. 
[Claim 3] The aforementioned electrode is a nitride semiconductor light emitting device according to claim 2 characterized 
by the side which has the two-layer structure at least and touches p type nitride semiconductor layer of the two-layer 
structure being Pd. 



LTranslation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the electrode of the light emitting device which starts light emitting devices, 
such as Light Emitting Diode to which it comes to carry out the laminating of the nitride semiconductor (InXAlYGal-X-YN, 
0 <=X, 0<=Y, X+Y<=1), especially by which p type nitride semiconductor layer was formed in the maximum front face. 
[0002] 

[Description of the Prior Art] Now, blue Light Emitting Diode and green Light Emitting Diode using the nitride semiconductor 
(InXAIYGa1-X~YN, 0 <=X, 0<=Y, X+Y<=1) are put in practical use. The fundamental structure of these Light Emitting Diodes 
is n type nitride semiconductor layer (it is hereafter called n layers.) which consists of n mold AIYGal-YN (0<=Y<=1) on a 
transparent insulating substrate. The barrier layer which consists of InXGal-XN (0< X<=T), and p type nitride 
semiconductor layer which consists of p mold AIZGa1-2N (0<=Z<=1) (it is hereafter called p layers.) It has terrorism 
structure to the double by which the laminating was carried out to order. Since this Light Emitting Diode cannot take out n 
.electrode from a substrate side, it considers as the so-called flip chip form which takes out n electrode and p electrode 
from the same side side. A luminescence observation side side has many by which the electrode, i.e., p layers, side is made 
the luminescence observation side, although it also becomes a side someday a substrate and electrode side, since the 
substrate is transparent. 

[0003] In order to take out luminescence of a barrier layer outside, the electrode which consists of a metal of a 
translucency is prepared in p layers which become a luminescence observation side side. Moreover, we showed the light 
emitting device by which the metal electrode of a translucency was prepared in the front face of p layers in JP,6-314822,A. 
However, in the metal electrode of the conventional translucency, the permeability of the electrode to blue and green light 
was bad, and was not what it can still be satisfied [ with an external quantum efficiency ] of enough. 
[0004] By the way. the electrode used for the light emitting device which consists of semiconductor materials,. such as 
Light Emitting Diode, needs to obtain the semiconductor material and desirable ohmic contact, in order to reduce forward 
voltage. Also in Above Light Emitting Diode, desirable ohmic contact has been obtained by the electrode which contains Ti 
and aluminum in n layers, and the electrode which contains nickel and Au in p layers. 

[0005] In addition, the tin oxide, indium oxide, and the zinc oxide are shown in JP,5-55631,A as an electrode material 
formed in a nitride semiconductor. However, the material shown in this official report is an electrode formed in the i 
(insulator) type nitride semiconductor which doped acceptor impurity, and is not desirable ohmic jk**5Mc*********** and 
the electrode formed in p layers. Moreover, although Ag. Au, Ft, Ir, Pd. Rh, etc. are stated to JP,5-315647,A as a desirable 
electrode formed in p layers, only Au electrode is prepared in I layers of the light emitting device of not p type but MIS 
structure In fact. 
[0006] 

[Problem(s) to be Solved by the Invention] A crystal growth is a very difficult material and. as for p layers, it is more nearly 
.actual than before that the physical properties are not yet solved well, either. Even If Light Emitting Diode which has p-n 
Junction is realized, the electrode formed in p layers also has many points which should still be improved p more layers and 
concordance are good and the electrode material excellent in many properties is called for. Moreover, improvement in an 
external quantum efficiency is desired in Light Emitting Diode, Therefore, the place made into the purpose of this Invention 
Is by offering the new electrode of p layers useful as a light emitting device to realize the light emitting device excellent in 
the external quantum efficiency, 
[0007] 

[Means for Solving the Problem] The light emitting device of this invention is characterized by forming the electrode of the 
translucency which contains palladium (Pd) at least mostly on the whole surface of the front face of the p aforementioned 
layers in the nitride semiconductor light emitting device which comes to form p layers in the maximum front face. 
[0008] Moreover, it is characterized by the aforementioned electrode containing at least a kind of metal chosen from the 
group which consists of the platinum (Pt), the rhodium (Rh), the ruthenium (Ru), the osmium (Os), the iridium (Ir). nickel 
(nickel), and gold (Au) other than Pd at least. These elements can maintain the translucency of an electrode, without 
spoiling the ohmic nature of Pd. even if it adds to Pd. In addition, the laminated structure which carried out the laminating 
of the thin film as electrode structure after adding is sufficient, and in the state where heat annealing of the laminated 
structure was carried out, and it was alloyed is sufficient, and it is good also as a state of an alloy from the beginning. Also 
in it since the electrode of a bonding pad and adhesive property of Au containing Au are good, it is very desirable. 
[0009] Furthermore, when making an electrode into a laminated structure, it is still more desirable that the side which 
touches p type layer is Pd. By making Pd Into the side which touches p layers first, most things for which ohmic nature is 
lost are lost. 

[0010] 500A or less of things for which a desirable translucency is maintained to the luminescence wavelength of a light 
emitting device is still more preferably possible for the thickness of p electrode formed on p layers in the light emitting 
device of this invention by acjjusting to 200A or less. This thickness is the same also about the case where other metals are 
made to contain besides Pd, and can maintain a desirable translucency by making the total thickness of an electrode into 
500A or less. 
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[001 1] For forming p electrode, vacuum evaporationo. a spatter, etc. can use usual gaseous-phase film production 
equipment By controlling thickness by film production equipment and thickness 200A or less costing below 500A (0.05 
micrometers) still more preferably as mentioned above, it becomes a desirable translucency and luminescence of a light 
emitting device is penetrated In addition, a translucency means that an electrode penetrates the luminescence wavelength 
of a light emitting device, and does not necessarily mean a hyaline. 

[001 2] The light emitting device of this invention can create the crystal of a nitride semiconductor by growth and carrying 
out a laminating on a substrate using vapor-growth equipments, such as MOVPE (organic-metal vapor growth), HDVPE 
(halide vapor growth), MBE (molecular-beam vapor growth), and MOMBE (organic-metal molecular-beam vapor growth). 
Although sapphire (aluminum 203), ZnO, a spinel (MgAI 204), SIC, Si. GaN, etc. are used for a substrate, sapphire and SiC 
are used in many cases. As a laminated structure, n layers are fundamentally grown up on a substrate, the laminating of the 
p layers is carried out on n layers, a laminating is carried out so that p layers may become the maximum front face, and it 
considers as the structure which can form an electrode in p layers on this front face of the maximum. In addition, the light 
emitting device which carries out a pin junction and by which p layers were used as the maximum front face is sufficient. An 
n type nitride semiconductor can grow, if donor impurities, such as Si, germanium, and Se, are doped. On the other hand, a 
p type nitride semiconductor can grow by doping acceptor impurity, such as n group elements, such as Mg and Zn, and C, in 
a nitride semiconductor. For example, although there are some which show p type property even if it does not cai'ry out 
processing of what after growth when the nitride semiconductor which doped acceptor impurity using the MOVPE method 
is grown up, by performing annealing processing above 400 degrees 0 comes to show still more desirable p type property 
preferably. In addition, in p type, it is the nitride semiconductor which doped acceptor Impurity, and the semiconductor 
which resistivity shows 103 or less ohm-cm is said. 
[0013] 

[Function] The electrode of the translucency containing Pd is superior to the conventional translucency p electrode which 
the permeability applied to a light especially purple - green field becomes from nickel and Au. Therefore, since the light 
transmittance of a nitride semiconductor light emitting device becomes good when it forms in the front face of p layers, an 
Bxternal quantum efficiency improves. And ohmic nature is also very excellent, and when especially Pd is formed in the side 
which touches p layers, ohmic nature can be maintained even if it forms other nrietal thin films in the state of a 
translucency on the Pd. Even if it alloys especially metals, such as Pt, Rh, Ru, Os, Ir, nickel, and Au, with Pd, they can 
maintain good ohmic nature, furthermore, p electrode — p layers — since it has formed in the whole surface mostly, 
current spreads uniformly In p layer of the whole, and local electric-field concentration does not take place, but uniform 
luminescence is obtained from the whole barrier layer 

[0014] Drawing 1 is a graph which shows the current-potential property of the various electrodes formed in p layers. After 

forming concretely the thin film described below on p layers, the ohmic nature to p layers of the electrode is investigated 
by annealing above 400 degrees 0. forming p electrode, and measuring the current-potential property of the electrodes of 
the same kind. Moreover, drawing 2 is a graph which shows the permeability of the translucency electrode shown in drawing 
1 . The electrode is as follows. 

[0015] A:. The translucency electrode which formed Pd by 40A thickness. 

B: The conventional translucency electrode which carried out laminating formation of 60A and the Au for nickel by 200A 
thickness at order. 

[0016] Although good ohmic nature shows both as shown in drawing 1 , p layers and the resistance of Pd are still lower, and 
it turns out that very good ohmic nature is shown. 

[0017] Moreover, although drawi ng 2 shows the permeability of each electrode, the electrode (B) containing conventional 
nickel-Au has the bad permeability applied to the purple which is the feature of luminescence of a nitride semiconductor 
light emitting device - a green field. On the other hand, since the permeability of the electrode A concerning the light 
emitting device of this invention is excellent compared with B. it can raise the external quantum efficiency of a light 

emitting device. 
[0018] 

[Example] Hereafter, one example of the light emitting device of this invention is explained based on a drawing. Drawing 3 is 
the plan which looked at the light emitting device of this invention from the electrode side of p layers, and diawing.4 is the 
typical cross section showing the structure at the time of the alternate long and short dash. line shown in drawing cutting 
the light emitting device of drawing 3 . 

[0019] The buffer layer 2 which consists of GaN on the silicon on sapphire 1 of 2 inch phi using a [example 1] MOVPE 
reactor 200A, The barrier layer 4 of the single quantum well structure which consists of 4 micrometers and non dope 
In0.2Ga0.8N n type contact layer 3 which consists of Si dope n type GaN 30A, p type contact layer 6 which consists of 0.2 
micrometers and Mg dope p type GaN p type clad layer 5 which consists of Mg dope p type aluminum0.1Ga0.9N is grown up 
in order by 0.5-micrometer thickness. 

[0020] Furthermore, annealing of the wafer is carried out at 600 degrees C in nitrogen-gas-atmosphere mind into a reaction 
container, and 5 and 6 are further formed into low resistance. [ p-layer ] A wafer is picked out from a reaction container 
after annealing, the mask of a predetermined configuration is formed in the front face of p type GaN of the best layer, 
upper shell etching of a mask is performed by the etching system, and as shown In drawing 2 , a part of n type contact 
layer 3 is exposed. 

[0021] Next, the mask on p layers is removed and the vacuum evaporationo of the Pd is mostly carried out to the whole 
surface as a p electrode 10 by the p type GaN layer [ of the best layer ] thickness which is 30A. Pd film after vacuum 
evaporationo had become a translucency clearly, to silicon on sapphire 1. was transparent and has been observed. Thus, by 
[ of p layers which exposed the p electrode 10 ] forming in the whole surface mostly, current can be uniformly extended to 
p layer of the whole, and since it is moreover a translucency. an electrode side is made with a luminescence observation 
side. 

[0022] The pad electrode 13 containing Au and nickel for bondings is formed in the corner of an electrode by 2-micromoter 
thickness after p electrode 10 formation. In addition, this pad electrode 13 is not a translucency. 

[0023] After forming p electrode (10+11), the n electrode 14 which contains Ti and aluminum in n exposed layers is formed 
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by Z-micrometer thickness, finally it heat-treats above 400 degrees C by the annealer, and an electrode Is made to alloy. 
[0024] The wafer which formed the electrode in n type contact layer 3 and the p layer contact layer 6 as mentioned above 
Cut in the shape of [ of 350 micrometer angle ] a chip, and silicon-on-sapphire side 1 of the luminescence chip is pasted up 
with a leadframe. When wire bond is carried out by Au line, a mould Is carried out by the epoxy resin and it considers as a 
Light Emitting Diode element, it sets to IfCforward current)20mA. It was 460nm in Vf(forward voltage)3.4V and luminescence 
wavelength, and the radiant power output was higher than Light Emitting Diode of this structure which has p electrode of 
the translucency containing conventional nickel and conventional Au about 30%. 

[0025] In the [example 2] example 1. when the 100A laminating of 20A and the nickel was carried out for Pd to the p 
electrode 10 and also the Light Emitting Diode element was obtained similarly, although it was Vf3.4V, in If20mA, the radiant 
power output declined about about 15% under the Influence of nickel. 

[0026] In the [example 3] example 1, when the 100A laminating of 20A and the Au was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA; it was Vf3.4V. The radiant power output was 
almost equivalent to the thing of an example 2. 

[0027] In the [example 4] example 1, when the 100A laminating of 20A and the Rh was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA, it was Vf3.5V. The radiant power output was 
almost equivalent to the thing of an example 2. 

[0028] In the [example 5] example 1, when the 100A laminating of 20A and the Ru was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA, it was Vf3,5V, The radiant power output was 
almost equivalent to the thing of an example 2, 

[0029] In the [example 6] example 1, when the 100A laminating of 20A and the Pt was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA, It was Vf3.5V. The radiant power output was 
almost equivalent to the thing of an example 2, 

[0030] In the [example 7] example 1. when the 100A laminating of 20A and the Os was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA, it was Vf3,5V, The radiant power output was 
ilmost equivalent to the thing of an example 2. 

[0031] In the [example 7] example 1, when the 100A laminating of 20A and the Ir was carried out for Pd to the p electrode 
10 and also the Light Emitting Diode element was obtained similarly, in If20mA. it was Vf3.5V. The radiant power output was 
almost equivalent to the thing of an example 2. 
[0032] 

[Effect of the Invention] As explained above, the light emitting device of this invention can be formed in the front face of p 
layers, and can take out luminescence of a barrier layer outside effectively. And since the electrode is excellent also in . 
ohmic nature with p layers, Vf can realize a low practical light emitting device. When the light emitting device of this 
invention is used for Light Emitting Diode devices, such as for example, a full color Light Emitting Diode display, a Light 
Emitting Diode signal, and the traffic information plotting board, a bright device can be realized by the low power and the 
utility value on the industry is size. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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1. This document has been translated by computer So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS ^ ^ 

[Brief Description of the Drawings] 

tDrawlngJJ Drawing showing the current-potential property of the various electrodes formed in p layers. 
[Drawi ng 2l Drawing showing the permeability to each wavelength of the various electrodes formed in p layers. 
[Drawing 3] The plan showing the electrode configuration of the light emitting device concerning one example of this 
invention. 

[Drawing. 4j The type section view showing the structure of the light emitting device of drawing 1 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Buffer layer 

3 .... h type contact layer 

4 Barrier layer 

5 .... p type clad layer 

6 .... p type contact layer 
. iO .... p electrode 

13 .... Pad electrode 

14 .... n electrode 



CTranslation done.] 
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B : N i ^6 0:t>d/X ha--Ai. Au^2 0 0:r> 

[0 0 16] 0icc^*rj:^cc. M:fir<i:fea»J'cC:t-5 
•:^47l4«^OrC^-5»3&^ 3 6^Pd«pJi<i:ffitS>!)5fi 

[0017] ^/cia2 ii#^cosa*^7i^*rt)CDr* 
fie*©N i -Au=s:#t?m«g (B) umitm^m 

wmAommm-i^. Bi.cvc^xmfix\.>h(ox. mm 

[00 18] 

mmmtf>h^tc^mmxh^. m^\m^(Dmm'f'^ 
mmx^^, 

[0 0 19] [HSfe^Jl ] MOVPEJSCB^g^fflC\ 
2 >r > 5^ y >f r 1 ODiK: G a N J: »5 :^d: ^» ^ ^' 

^;^:7tJ12^2 0 0:f hn-A, S i K-^nM 
GaNizOi^cC-Sn^^i^^^ h)83^4/xm. yVF- 
r/I no.2Gao.8NJ:0;^j:-S#-S^#F«®c3!:)ffitt® 
4^3 0:t>^^ hn-A, Mg >^pMA 1 O.lG 
a0.9NJ:0J:c€>pM^^ y FiiS^O. 2Mm. Mg 
F-:^pSyGaNJ:fp:^j:'SpM=i>^^^Fg6^0, 5 

[0 02 0] 3 6tc»:7*-/>-^JSj£;ifSrt«:4diir. 
^iRS^HS\*r6 0 0 -err >^Lr. p|g5. 

^(Dm^<0'7:^^^nmL. :r.v^yi/m&x'7X{?(o 

}J)^h:x.v^ly^^^i=(\.\ ^2CCinT<fc^CCn^=i>df 
^ FJ13©-gP^^Ui3-i±<2>. 
[002 1 ]^XCC. p®(0±(Ovx^^K^*U. S±® 
(Dp^GaNliO^^t^^MCC, p^glOiUr. Pd 

^zo:^:y^:^vu'-A(ommxmMr^. mM'ik(op 



(4) 



[0 02 2 ] pmmiomm^. ms^pssp^cAuiN 

[0 0 2 3 ] pmm (10 + 1 1) ^?fML//cfi^. mm 

U/cnSCCT i iA 1 t^^iJnWMl 4^2 Mm(DM 10 
[0 02 4] tl±©<i:^CCUT. nM3>^^hH3<b 

l^tLfctC^. I f Qmijl^mWi) 2 0mACC^3t> 
Vf (IB:&l^miE) 3. 4V. J%3t:iS;g4 6 0nm 

-r^O. 3%3feffi:t;«. se^feoN i iAui&^tfjg^© 20 

fc. 

[0 02 5 ] mmm2]mmmi^c:hi^x. pmmi 

0tCPd^2 0:t>^:^ hn-A. Ni^l00:t>^ 

iC^. I f 20mAK:*Jlir. Vf3. 4Vr*>o/c 
^a;^l»N i (D^JC J: 0 . *ij 1 5 %SfiTO 

/to 

[0 02 6 ] [mmm3]mMmi(tc:hi^^x. pmmi 

0CCPd^2 0^>^j:^ ha-A, Au^ 1 0 0:^->i^ 30 

tC6. 1 f 2 0mAtC*5l>r. Vf 3. 4VX$>r> 

[0 02 7 ] [^Jfe^j4] ^JS^UC*5l.^r, p^Sl 
0tCPd^2 0^>^;^ hn-A, Rh€:l 00:^*>d^ 

iC^. I f 2 0mAtC*5l>r. Vf3. 5V-C4>o 

[0 02 8 ] [j|Jfe«?fl5] 5l*fe«^juc*5i^r. pmi 
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[0 02 9] [HSfewe] HJfeWHc^oi^r. p^fisi 

0CCPd*2 0:t>^X hP-A, Pt^l00:;^>y 

I f 2 OmACC^tJt^r. V f 3. 5Vr*o 
/Co l^ai:^«^«fe«?!I2<^*>0<i:J5«|iI^-C*":>/Co 
[0 0 3 0] [Hffi^^T ] ^«?iJlCC:teC^r. p^Sl 
0CCPd^20:^>^;^ hP-A. Os^l00:t>^ 
;^hn-AS®ir'5f6«. |5j«CCUrLED^^-^f#/c 
tC6. I f 2 0mACC4c5l^r. V f 3. 5Vr*o 
/Co ^ttl:^«^t?ll2CD«>C0i(at3!(5]^r^-:?/Co 

[003 1 ] [mmmi] m^mi(>c^^>Xs pmmi 

0CCPd^20:t>^X HD-A, Ir^l00;^*>^ 

yf^htt-Ammt^miit. mmitcuxLEDm'f-^mtc 

tC6. I f 2 OmA^Ctet^T. Vf3. bW^-o 

/Co ^ai:;^;«l|j5gfi?92cD*>o<b«i3!l^l?-c*-:>/co 

[0032] 

y^^(fCi>»nxi^^fc^. Vf *m>^ffl«i/j:^^ 

LED7'^X>^U'Y. LEDfi^a. jiffitifB^TSffi^ 
cDLEDf^>'W::^{cffifflT^<fc. 

ju>^:^mmx^. ^<omm±<ommmmui^x$>^. 
m 1 ] pmi^cmmbfc^mmm<DmwtmE.nm^7r^ 



[02 ] pJi^cjf5^T^#«^®o^igstc*t-r^a 
[04] 01 (o^i^m^om&^Tjkrm^mmm 



xhu-A^n-r^fte&i. i5i«^curLED^^-^f#/c 

iC5, I f 2 OmACCtel^r. V f 3. 5Vr^-5 

/Co ^ai:^«IISSfi^2©fc©<b«t3!ig^r^o/co 



1 • • 




2 • • 




3 • • 




4 • • 




5 • • 




6 • • 


■ • p^:3>t$ri7 FJS 


40 10' 


• • • pWM 


1 3 • 


• • • /N' F'^S 


1 4 • 


• • • n^S 



